The progression of disease in individuals infected with the human immunodeficiency virus to AIDS has resulted in the use of several chemotherapeutic agents to treat the various opportunistic infections which arise. Zidovudine (ZDV), a first-line agent used to treat human immunodeficiency virus infection, and clarithromycin (CLR) are often used simultaneously in the management of patients infected with human immunodeficiency virus when CD4 cell counts drop below 200 cells per mm 3 because of the emergence of the Mycobacterium avium-M. intracellulare complex.
ZDV suppression of viral replication is dependent upon passage of ZDV across cell membranes by both passive diffusion and facilitated processes. Once ZDV is inside the cell, activation of the drug to the active triphosphate (TP) moiety is generated by host cellular kinases (4, 14) . ZDV is phosphorylated to the monophosphate (MP) derivative by thymidine kinase and then further phosphorylated by thymidylate kinase to the diphosphate (DP) metabolite. The final step to the TP form is not clear, but the enzyme involved is presumed to be a DP kinase. The conversion from the DP form to the active TP moiety enables the drug to become incorporated into elongating viral DNA chains and act as a chain terminator of reverse transcriptase-mediated DNA synthesis. Other factors that influence ZDV TP production are competition with thymidine, feedback inhibitors of the pathway, downregulation of enzymes, stage of disease, and various drugs which interfere with thymidine synthesis.
CLR, a macrolide antibiotic, is active against a variety of organisms including Mycobacterium avium, unlike erythromycin, which has poor activity against mycobacteria. CLR is an effective inhibitor of RNA-dependent protein synthesis of susceptible bacteria (8) , and a notable feature is its high penetration into tissue and leukocytes (9).
Initial evidence from pharmacokinetic studies suggests that CLR interferes with ZDV absorption, leading to slightly decreased maximum concentrations in plasma and areas under the concentration-time curves of ZDV; it has been suggested that this interaction occurs only when the drugs are administered concurrently (5, 10, 11) . However, a study with children found that serum CLR concentrations were unaffected by either ZDV or didanosine (6) . Since these previous studies addressed only drug pharmacokinetics in serum, it is unknown whether CLR might also affect the intracellular metabolism of ZDV. Mechanisms that could be affected by the macrolide could include the alteration of the synthesis of key enzymes known to activate ZDV and the passage of ZDV into cells. This study investigated the effects of CLR on the intracellular metabolism of ZDV in vitro.
(This work was presented in part at the 34th Interscience Conference on Antimicrobial Agents and Chemotherapy, Orlando, Fla., October 1994 [11a] ).
ZDV (Burroughs Wellcome Co., Research Triangle Park, N.C.) and CLR (Abbott Laboratories, Abbott Park, Ill.) were dissolved in media, sterile filtered, and diluted to the appropriate concentrations in modified RPMI 1640 media containing L-glutamine, fetal bovine serum, and 25 mM HEPES (N-2-hydroxyethylpiperazine-NЈ-2-ethanesulfonic acid) buffer (Life Technologies, Grand Island, N.Y.).
Continuous cultures of CEM-T4 lymphocytes (National Institutes of Health AIDS Research and Reagent Program, Ogden Bioservices Corp., Rockville, Md.) grown in media supplemented with 10% fetal bovine serum were used in all studies. The doubling time of cells grown in a humidified incubator at 37ЊC in a 5% CO 2 atmosphere was approximately 24 h. CEM-T4 cell growth and cell viability over 5 days were not affected by the two drugs, either alone or in combination; thus, no cytotoxicity was observed. Cell counts and viability were determined daily with trypan blue exclusion. All experiments were performed in duplicate.
Five to ten million CEM-T4 cells were coincubated for 24 h with 1 M ZDV ([ 3 H]ZDV, 3 Ci/ml [Moravek Biochemicals, Brea, Calif.]) alone or with 1 or 10 M CLR in a final volume of 10 ml of modified RPMI 1640 medium. Cells were also grown in the presence of CLR for 48 h; this was followed by addition of ZDV and incubation for an additional 24 h. After the 24-h incubation with ZDV, cells were centrifuged and the medium was removed. The cells were then washed twice with 10 ml of phosphate-buffered saline (PBS). Phosphorylated metabolites were extracted with 200 l of 0.2 N perchloric acid for 30 s. After centrifuging, supernatants were transferred to clean tubes, neutralized with equivalent amounts of sodium hydroxide, and frozen until the assay. All experiments were performed in triplicate.
Samples were analyzed for [ 3 H]ZDV MP, DP, and TP metabolites by high-performance liquid chromatography separation and radiochemical detection (12) . The phosphorylated metabolites were separated with an anion-exchange column (Whatman SAX-10, 4.6 mm by 25.0 cm) and eluted from the column at 1 ml/min by using a 45-min linear gradient of 10 mM NaH 2 PO 4 (pH 3.5) to 500 mM NaH 2 PO 4 -500 mM KCl (pH 3.5). The column eluent was monitored by UV detection at 254 nm and by a Radiomatic scintillation detector (Rainin Instrument Co., Medford, Mass.) connected in-line. The column retention times for ZDV MP, ZDV DP, and ZDV TP were 10, 25, and 50 min, respectively. The quantity of each ZDV metabolite was represented as picomoles per 10 6 cells, and the calculation was based on the integrated peak area of the radiochromatogram for each metabolite, the specific activity of the radiolabelled drug, and the number of cells analyzed.
[ 3 H]TTP was used as a marker for recovery of ZDV TP and was added (1 Ci) to drug-free samples after removal of the final wash with PBS. An aliquot of supernatant was quantitated for radioactivity by liquid scintillation, as was the pellet. Less than 5% of total radioactivity was lost to the pellet. The interday amount recovered in the supernatant was 73%, with an interday precision of 7.6%.
Differences in the phosphorylated metabolites in the different groups were assessed with one-way analysis of variance in which an ␣ value of 0.05 was used to define significance.
The most abundant intracellular ZDV metabolite in CEM-T4 cells after 24 h was MP under all conditions; DP and TP were formed in much smaller quantities. When cells were incubated with 1 M CLR, the amounts of phosphorylated ZDV metabolites generated were similar to the amounts generated by cells not incubated with CLR (Fig. 1) . The amounts of intracellular metabolites were also not different when cells were coincubated or preincubated with 10 M CLR. The proportion represented by TP, the most important derivative, was similar under all conditions, as were the ratios of MP to TP ( Table 1 ). The variation in MP/TP ratios can be explained by the variation in the MP metabolite.
The concentrations of drugs tested in this study were similar to those achieved clinically. Following an oral 200-mg dose of ZDV in humans, maximum concentrations in plasma of 3 to 4 M are achieved (13) . Concentrations of ZDV in plasma fall rapidly to less than 1 M over the dosing interval of 8 h. Maximum concentrations in plasma of 2.7 M (2.1 g/ml) were achieved for CLR after an oral 500-mg dose (3). Therefore, experimental conditions of 1 and 10 M CLR represented concentrations observed after single and multiple oral doses in humans.
All newer macrolides are known to accumulate in tissue, thereby achieving higher concentrations than those in serum. The intracellular concentration of CLR has been shown to be 9-fold to 16-fold higher than the extracellular concentration in human neutrophils and polymorphonuclear leukocytes (1, 7) . The results from this study show no changes in the ability of this cell line to phosphorylate ZDV when CLR was present. The presence of DP and TP in much smaller quantities is reflective of a rate-limiting conversion from MP to DP, which is consistent with quantities reported in other studies (2, 4) .
The significance of these results appears to be that no routine drug adjustment is warranted in the clinical setting. Potential interactions could still occur between other antiretroviral agents and CLR. In addition, other macrolides may affect the intracellular metabolism of ZDV and the other antiretroviral agents. Further studies may be needed to investigate these potential interactions.
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